Abstract. We measured the ionized-gas and stellar kinematics along the major and minor axis of a sample of 10 early-type spirals. Much to our surprise we found a remarkable gas velocity gradient along the minor axis of 8 of them. According to the kinematic features observed in their ionized-gas velocity fields, we divide our sample galaxies in three classes of objects. (i) NGC 4984, NGC 7213, and NGC 7377 show an overall velocity curve along the minor axis without zero-velocity points, out to the last measured radius, which is interpreted as due to the warped structure of the gaseous disk. (ii) NGC 3885, NGC 4224, and NGC 4586 are characterized by a velocity gradient along both major and minor axis, although non-zero velocities along the minor axis are confined to the central regions. Such gas kinematics have been explained as being due to non-circular motions induced by a triaxial potential. (iii) NGC 2855 and NGC 7049 show a change of slope of the velocity gradient measured along the major axis (which is shallower in the center and steeper away from the nucleus), as well as non-zero gas velocities in the central regions of the minor axis. This has been attributed to the presence of a kinematicallydecoupled gaseous component in orthogonal rotation with respect to the galaxy disk, namely an inner polar disk. The case and origin of inner polar disks are discussed and the list of their host galaxies is presented.
Introduction
As a result of the analysis of the kinematical data available in the literature for the ionized-gas component of the S0s and spirals listed in the Revised Shapley-Ames Catalog of Bright Galaxies (Sandage & Tammann 1981 , hereafter RSA), we realized that ∼ 60% of unbarred galaxies show a remarkable gas velocity gradient along their optical minor axis. This phenomenon is observed all along the Hubble sequence of disk galaxies, but it is particularly frequent in early-type spirals (Coccato et al. 2003) . However, such a minor-axis velocity gradient is unexpected if gas is moving onto circular orbits in a disk coplanar to the stellar one.
In a non-axisymmetric potential, gas in equilibrium moves onto closed elliptical orbits which become nearly circular at larger radii (de Zeeuw & Franx 1989; Gerhard, Vietri & Kent 1989) . A velocity gradient along the apparent minor axis of the galaxy is observed if the inner gas orbits are seen at intermediate angle between their intrinsic major and minor axes. This is the case Send offprint requests to: Enrico Maria Corsini ⋆ Based on observations carried out at the European Southern Observatory . ⋆⋆ Tables 3 to 4 are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/Abstract.html.
of bulges, since their intrinsic shape is generally triaxial both in barred (Kormendy 1982) and in unbarred galaxies (Bertola, Vietri & Zeilinger 1991) . Detailed velocity fields for the gaseous component have been obtained and modeled to demonstrate bulge triaxiality only for our Galaxy (Gerhard & Vietri 1986) , and two external galaxies, namely NGC 4845 (Bertola, Rubin & Zeilinger 1989; Gerhard et al. 1989 ) and M31 (Berman 2001 and references therein).
A gas velocity gradient along the apparent minor axis of the galaxy is observed if the gaseous component is not settled onto the galaxy disk, as in the case of kinematically-decoupled gaseous components and warped gaseous disks. The presence of a kinematically-decoupled component is usually interpreted as the relic of accretion events that occurred during the host galaxy lifetime. The nature and the orientation of the decoupled component mostly depend on the initial angular momentum and mass of the accreted material. Polar rings (e.g. Whitmore et al. 1990) , counterrotating disks (see Galletta 1996; for a review) and orthogonally-rotating cores (e.g. Sil'chenko 2003) are examples of kinematically-decoupled structures observed in disk galaxies, most of which display an otherwise undisturbed morphology. Freedman et al. (1994) . Col. 7: Absolute total blue magnitude corrected for inclination and extinction from RC3. Col. 8: Major and minor isophotal diameters from RC3. Col. 9: Inclination derived from cos
) assuming the observed axial ratio q = d25/D25 from RC3 and the typical intrinsic axial ratio for S0/Sa and Sa galaxies (q0 = 0.18, Guthrie 1992). Col. 10: Minor-axis region where non-zero velocity is measured for the ionized gas. Inner = non-zero velocity is confined to the nuclear region; extended = non-zero velocity is observed out to the last measured radius; ? = doubtful velocity gradient.
A misalignment between the angular momenta of inner and outer parts characterizes a warped disk. This phenomenon has been observed in at least half of all the spiral galaxies and has been explained both with an internal and external origin (see Binney 1992 for a review). Significant warps are usually measured in the cold gaseous component, while they are less frequent in the stellar one. Gaseous and stellar disks are generally coplanar and flat in the optical region and their warp is observed at larger radii (Briggs 1990; Bosma 1991) , though non-coplanar gas and stellar disks have been seen even in the optical region of some galaxies giving rise to a minor-axis velocity gradient. For example, in a triaxial potential bulge (or in a bar) which is tumbling about the short axis, the gas leaves the plane perpendicular to the rotation axis and settles onto the so-called anomalous orbits (van Albada, Kotanyi & Schwarzschild 1982) . These closed orbits are fixed in the figure even though the figure rotates. They are nearly planar and fairly circular, but their inclination with respect to the figure rotation axis increases with the orbital radius. This explains the tilted disks of counterrotating gas observed in some SB0 galaxies (e.g. Emsellem & Arsenault 1996) . This paper aims to investigate the presence of noncircular and off-plane gas motions in bulges. These phenomena have to be taken into account as well as the presence of pressure-supported ionized gas (Bertola et al. 1995; Cinzano et al. 1999; Pignatelli et al. 2001 ) when the observed rotation velocity of the gas is adopted to trace the circular speed in mass modeling, in order to derive the distribution of luminous and dark matter in the innermost regions of disk galaxies.
To maximize the chance of detecting a gas velocity gradient along the minor axis we selected a sample of early-type spirals according to the results of Coccato et al. (2003) . We randomly chose 10 galaxies among the Sa spirals listed in The Carnegie Atlas of Galaxies (Sandage & Bedke 1994, hereafter CAG) . A compilation from the literature of the properties of the sample galaxies is presented in Table 1 . The images of the sample galaxies taken from the Digitized Sky Survey are given in Fig. 1 . In a previous paper we reported on the special case of NGC 2855, which is characterized by the presence of a kinematically-decoupled component of ionized gas in orthogonal rotation with respect to the stellar disk as well as of a faint ring-like structure surrounding the galaxy. These features are indicative of an on-going acquisition process. Here we present results for the remaining 9 sample galaxies. The long-slit spectroscopic observations and data analysis are described in Sect. 2. The resulting stellar and ionized-gas kinematics are given in Sect. 3 and interpreted in Sect. 4. The case of inner polar disks is discussed in Sect. 4 too.
Spectroscopic observations and data reduction

Spectroscopic observations
The spectroscopic observations were carried out at the European Southern Observatory in La Silla (Chile) with the 1.52-m ESO telescope on March 17-22 (hereafter run 1) and September 09-12, 1999 (hereafter run 2). ′′ 81 pixel −1 . The instrumental resolution was 2.75Å (FWHM ) and it was measured from the mean FWHM of arc lines in wavelength-calibrated comparison spectra. It corresponds to σ instr ≈ 50 km s −1 at Hα. Repeated exposures (typically of 3600 s each) were taken along both major and minor axes of all the sample galaxies, after centering their nucleus on the slit using the guiding TV camera. The observed position angles and corresponding exposure times are given in Table 2 . In each observing run we obtained spectra of late-G to early-K giant stars to be used as templates in measuring the stellar kinematics. A spectrum of the comparison helium-argon lamp was taken before and/or after every object exposure to ensure an accurate wavelength calibration. Seeing FWHM during the observing nights ranged between 1 ′′ and 3 ′′ as measured by the ESO Differential Image Motion Monitor.
Data reduction
Basic data reduction was performed as in . Using standard ESO-MIDAS 1 routines, all the spectra were bias subtracted, flat-field corrected by quartz lamp and twilight exposures, cleaned of cosmic rays, and wavelength calibrated. After calibration, the different spectra obtained for a given galaxy along the same position angle were co-added using the center of the stellarcontinuum radial profile as a reference. The contribution of the sky was determined from the outermost ∼ 10 ′′ at the two edges of the resulting frames where the galaxy light was negligible, and then subtracted.
The ionized-gas kinematics were measured from the [N II] λλ6548, 6583, Hα and [S II] λλ6716, 6731 emission lines by means of the MIDAS package ALICE as done by . The position and FWHM of each emission line were determined by interactively fitting one Gaussian to each line plus a polynomial to its local continuum. The center wavelength of the fitting Gaussian was converted into velocity in the optical convention, then the standard heliocentric correction was applied. The Gaussian FWHM was corrected for the instrumental FWHM , and then converted into the velocity dispersion.
In the regions where the intensity of the emission lines was low, we binned adjacent spectral rows in order to improve the signal-to-noise ratio, S/N , of the lines. We expressed the velocity and velocity dispersion errors as a function of the relevant line S/N ratio as done in and derived ionized-gas velocity (v g ) and velocity dispersion (σ g ) as the weighted mean of values measured for the different emission lines. The kinematics of the ionized gas are reported in Table 3 and plotted in Fig. 2 for all the sample galaxies.
The stellar kinematics were obtained from the absorption features present in the wavelength range running from about 4960Å to 5540Å and centered on the Mg line triplet (λλ 5164, 5173, 5184Å). We used the Fourier Correlation Quotient method (FCQ, Bender 1990 ) following the prescriptions of Bender, Saglia & Gerhard (1994) . The spectra were rebinned along the spatial direction to obtain a nearly constant signal-to-noise ratio larger than 20 per resolution element. The galaxy continuum was removed row-by-row by fitting a fourth to sixth order polynomial as in Bender et al. (1994) . The stars adopted as kinematical templates are given in Table 2 . This allowed us to derive, for each spectrum, the line-of-sight stellar velocity (v ⋆ ) and velocity dispersion (ß) by fitting a Gaussian to the line-of-sight velocity distribution (LOSVD) at each radius. Velocities were corrected for heliocentric velocity. We derived errors on the stellar kinematics from photon statistics and CCD read-out noise, calibrating them by Monte Carlo simulations as done by Gerhard et al. (1998) . These errors do not take into account possible systematic effects due to template mismatch. The kinematics of the stellar component are reported in Table 4 and plotted in Fig. 2 for all the sample galaxies.
The stellar and ionized gas kinematics
The velocity curves and velocity dispersion profiles we measured for the gaseous and stellar components along the major and minor axis of the sample galaxies are presented in Fig. 2 . The rotation velocities of stars V ⋆ (≡ |v ⋆ − V ⊙ |) and ionized gas V g (≡ |v g − V ⊙ |) given in Table 3 and 4 and plotted in Fig. 2 are the observed velocities after subtracting the systemic velocities of Table 1 and without applying any correction for galaxy inclination. σ ⋆ and σ g are the velocity dispersion of stars and gas, respectively. The case of NGC 2855 is shown in Fig. 2 for the sake of completeness. For details the reader is referred to Corsini et al. (2002) . 
Major-axis kinematics
The only noteworthy features observed in the major-axis kinematics of the ionized-gas and stellar component are the counterrotation of gas with respect to stars found in NGC 7213, and the reversal of gas rotation measured in the outermost regions of NGC 7377. In the sample galaxies V ⋆ has always a shallower gradient than V g (except for the inner regions of NGC 2855 and NGC 7049, where V ⋆ >V g ), and V ⋆ ≈ V g at the last observed radius (except for NGC 7213 and NGC 7377). Typically ß exceeds 150 km s −1 and it is larger than σ g at all radii (except in the center of NGC 4224 and NGC 4235 where ß < ∼ σ g ). If we took into account only the major-axis data, we could straightforwardly explain the observed kinematical properties by a dynamical model where gas is confined in the disk and supported by rotation and stars mostly belong to the bulge and are supported by dynamical pressure.
Minor-axis kinematics
This is not the case if we consider the minor-axis kinematics too. The minor-axis velocity gradient we measure for the gaseous component of 8 out of 10 sample galaxies is hardly explained if we naively assume that the ionized gas is moving onto circular orbits in the galaxy disk.
Non-zero gas velocities are measured in the nuclear regions along the minor axis of NGC 2855, NGC 3885, NGC 4224, NGC 4586, and NGC 7049. The gas velocity curve shows a steep gradient rising to a maximum observed velocity of ≈ 50 km s −1 in the inner few arcsec, then the velocity drops to ≈ 0 km s −1 at larger radii. Non-zero gas velocities are measured along the minor axis of NGC 4984, NGC 7213, and NGC 7377 all over the observed radial range. The maximum velocity is > ∼ 150 km s −1 and it is even larger than the maximum value measured along the major axis. Finally, along the minor axis of the remaining 2 sample galaxies, namely NGC 1638 and NGC 4235, the gas is either too poorly detected or it shows a velocity curve that is too asymmetric to derive any conclusion. We will not consider these 2 galaxies further.
As far as the minor-axis stellar kinematics is concerned, no significant rotation velocity is observed along the minor axes of NGC 1638, NGC 2885, NGC 4235, and NGC 7377. The same is true for NGC 4224 and NGC 7049 if we interpret the falling of the stellar velocity from a central maximum of ≈ 30 km s −1 to 0 km s −1 off the center as due to an offset position of the slit of ≈ 1 ′′ with respect to the nucleus and parallel to the minor axis. Nonzero stellar velocities are measured along the minor axis of NGC 4984 and NGC 7213 over all the observed radial range. For these galaxies the amplitude of the stellar velocity curve measured along the minor axis is larger than that measured along the major axis. Stars are counterrotating with respect to gas along the minor axis of NGC 3885.
Discussion and conclusions
According to the ionized-gas velocity field, we distinguish three classes of objects in sample galaxies:
1. In NGC 4984, NGC 7213, and NGC 7377 an overall gas velocity curve is observed along the minor axis without zero-velocity points, out to the last measured radius.
These gas kinematics have been interpreted as due to the warped inner structure of the gaseous disk. 2. In NGC 3885, NGC 4224, and NGC 4586 the gas velocity rises almost linearly in the inner regions of both the major (where gas rotates faster than stars) and minor axes. Non-zero gas velocities along the minor axis are confined in the nuclear regions. Such gas kinematics have been explained as being due to non-circular motion induced by a triaxial potential. 3. In NGC 2855 and NGC 7049 the major-axis gas velocity gradient in the innermost ≈ 500 pc (where gas rotates slower than stars) is shallower than that measured farther out (where gas rotates faster than stars).
Moreover the non-zero gas velocities observed along the minor axis are confined in the nuclear regions. These kinematic features have been attributed to the presence of an inner polar disk of gas.
Each of the above categories is discussed in detail in the following sections.
Warped gaseous disks
An inner warp of the gaseous disk can account for the gas velocity curve observed along the minor axes in the lowinclined galaxies NGC 4984, NGC 7213, and NGC 7377.
NGC 4984 is classified as a very early-type Sa spiral in CAG and as a weakly-barred S0/a in RC3. Sandage & Bedke (1994) pointed out that this galaxy has a peculiar structure characterized by two sets of spiral arms. The inner spiral pattern is made by multiple dust arms (see the inset of Panel 73 in CAG) and shows a strong variation of the isophotal position angle from ≈ 20
• to ≈ 90 • in the innermost 30
′′ . This feature results from the near-infrared photometry by Jungwiert, Combes & Axon (1997) who interpreted it as the possible signature of a double bar. A second set of spiral arms is visible outside the main body of the galaxy both in Panel 73 of the CAG and in the DSS plate reprinted in Fig. 1 . The position angle of the outermost arms is ≈ 25
• . This change of position angle is associated with a variation of the inclination from i≈ 73
• at ≈ 80 ′′ to i≈ 56
• at ≈ 130 ′′ , and it is indicative of a warped disk. Therefore NGC 4984 has a peculiar structure with a double bar in the central 30 ′′ and a warped disk at larger radii. To perform our spectroscopic observations we adopted for the position angle of the major axis P.A. = 90
• . This value is given by RC3. Our kinematic data extend out to ≈ 40 ′′ from the galaxy center on both the observed axes (P.A. = 0
• , 90 • ), which do not correspond to the actual photometric major and minor axis of the galaxy in the measured radial range.
A geometrical decoupling between the gaseous and stellar disks characterizes NGC 7213 in the radial region we covered with our spectroscopic observations ( < ∼ 40 ′′ ). Indeed, the orientation of the circumnuclear ringlike structure observed in the map of the Hα emission obtained by Hameed & Devereux (1999) does not coincide with that of the stellar disk as derived from the near-infrared photometry by Mulchaey, Regan & Kundu (1997) . The ionized-gas ring has a diameter of ≈ 21 ′′ , a major-axis position angle P.A.≈ 40
• and an inclination i≈ 30
• . According to Mulchaey et al. (1997) the isophotal ellipticity is about zero out to ≈ 40 ′′ , suggesting that in this region the stellar disk is almost face-on with a majoraxis position angle of ≈ 80
• . This is consistent with our kinematic data, since we measure small rotation velocities for the stellar component (V ⋆ < ∼ 50 km s −1 ) along both the observed axes (P.A. = 34
• , 124 • ). These axes can be actually considered as intermediate axes. At larger radii the inclination and the major-axis position angle of the disk are i = 27
• and P.A. = 124
• , respectively (see Table  1 ). A giant filament of ionized gas is located at ≈ 20 kpc south of the galaxy (Hameed & Devereux 1999) and the HI velocity field reveals NGC 7213 to be a highly disturbed system undergoing an acquisition event (Hameed et al. 2001 ). Therefore we conclude that the kinematic and photometric properties of NGC 7213 are consistent with a warped gaseous disk in the context of an ongoing merge process.
According to Sandage & Bedke (1994) NGC 7377 is one of the most unusual galaxies in their atlas. They state that there is no evidence of recent star formation over an otherwise normal S0 disk, yet the entire disk is threaded by a multi-armed spiral pattern composed of dust lanes only. These lanes are more visible to the south-west (Panel 75, CAG). The morphology and the kinematics of NGC 7377 (Fig. 2) are similar to those of NGC 7213. In particular the major and minor-axis gas kinematics of NGC 7377 behave very similarly to the minor and major-axis gas kinematics of NGC 7213, respectively. So again a warp of the gaseous disk can be suspected. We interpret the counterrotation of gas and stars observed along the galaxy major axis and the gas velocity decrease along the minor axis (which is steeper than Keplerian) as due to a geometrical decoupling between the gaseous and stellar disks, which are not coplanar.
Non-circular gas motions in a triaxial bulge or in a bar
Non-zero gas velocities are measured along the minor axis in the bulge-dominated region of NGC 3885, NGC 4224, and NGC 4586, and a velocity gradient is observed along their major axis too. We interpret the observed kinematics as due to non-circular gas motion in the principal plane of the disk caused by bulge triaxiality or due to the action of a bar. Indeed the intrinsic shape of bulges is generally triaxial and the gaseous disk lies on the principal plane perpendicular to the bulge short axis (Bertola et al. 1991) . Gas settled onto a principal plane of a non-rotating triaxial potential moves onto closed elliptical orbits. These orbits become nearly circular as soon as the distance from the center increases (de Zeeuw & Franx 1989; Gerhard et al. 1989 ). The same is true in barred potentials too (Athanassoula 1992) . The central velocity gradients mea-sured along both major and minor axis of NGC 3885, NGC 4224, and NGC 4586 are due to the orientation of the inner elliptical orbits lying on the disk plane and seen at intermediate angle between their intrinsic major and minor axes. Minor-axis gas rotation velocity drops to zero where elliptical orbits become circular. The triaxiality of the bulge of NGC 3885 is suggested by the significant Lindblad's misalignment (Lindblad 1956 ) between the apparent major axes of bulge and disk (∆P.A.≈ 10
• ). The bulge-to-disk misalignment measured on the photographic plates of NGC 3885 available in CAG (Panel 76 and 87) is consistent with the isophotal twist found in the near infrared by Jungwiert et al. (1997) in spite of the presence of the dust lanes threading through the smooth disk and crossing the bulge close to its center. Therefore the twist between the isophotes of bulge and disk of NGC 3885 cannot be attributed to the bulge obscuration by dust.
Both NGC 4224 and NGC 4586 have a boxy/peanutshape bulge (Panel 76, CAG). These bulges can be interpreted as bars seen nearly edge on (Kuijken & Merrifield 1995; . This supports the idea that the gas velocity gradient observed along their minor axis is due to the non-circular gas motion in a triaxial potential. This is in agreement with the recent results by , who studied by means of hydrodynamical simulations the appearance of the position-velocity diagram of the gaseous component in edge-on barred galaxies as a function of the viewing angle.
The presence of a gas velocity gradient along both the major and minor axis allows us to disentangle the case of gas non-circular motion from that of an inner gaseous disk in orthogonal rotation with respect to the galaxy disk. Indeed, as discussed in Sect. 4.3, the velocity field of a disk galaxy hosting in its center an orthogonallyrotating gaseous component is characterized by the presence of both a velocity gradient along the galaxy minor axis and a zero-velocity plateau along its major axis. To illustrate this point, in Fig. 3 we show the ionized-gas rotation curves along the galaxy major and minor axis in a triaxial bulge viewed from various directions. We considered the gas motion in the family of non-rotating triaxial mass models with a central density cusp studied by de Zeeuw & Carollo (1996) . They are a generalization of the spherical γ−models with density profile
(see Dehnen 1993 and references therein), where γ is the cuspiness of the central density profile (0 ≤ γ < 3), M is the total mass of the galaxy, and r 0 is a scalelength which is related to the galaxy effective radius r e . The spherical models are made triaxial by adding two loworder spherical harmonic terms to the potential. The intrinsic shape of the mass density depends on (p 0 , q 0 ) and (p ∞ , q ∞ ), which are the axial ratios of the triaxial surfaces of constant density at small and at large radii, respectively. In the absence of figure rotation, settled gas is rotating either onto the plane perpendicular to the short axis (if 1 > p > q > 0), or onto the plane perpendicular to the long axis (if q > 1 > p > 0). For large ranges of flattenings and cusp slopes, the gas velocity field in the above potentials are accurately described by a first-order epicyclic treatment (de Zeeuw & Carollo 1996) . This approach has been used by Pizzella et al. (1997) to model the observed velocity field of the ionized-gas disks of a number of elliptical galaxies.
We took into account a triaxial bulge with the short axis perpendicular to the stellar disk. We assumed the axial ratios to be the same at small and large radii (p ≡ p 0 = p ∞ , q ≡ q 0 = q ∞ ) and we adopted p = 0.7 and q = 0.6, which are the values observed for the Sa NGC 4845 (Bertola et al. 1986; Gerhard et al. 1986 ). We assumed M = 7 · 10 10 M ⊙ and r e = 1.5 kpc for the bulge total mass and effective radius, respectively. These are typical values for early-type bulges as derived from dynamical models based on stellar dynamics (Fillmore, Boroson & Dressler 1986; Cinzano et al. 1999; Pignatelli et al. 2001 ) and from surface photometry assuming a de Vaucouleurs profile (Kent 1985) , respectively. For the model we assumed D = 25 Mpc, which is the mean distance of the sample galaxies in which the minor-axis rotation of the gas is confined to the bulgedominated region. This distance corresponds to a scale of 121 pc arcsec −1 . Finally, we fixed γ = 1.5 to approximate the bulge surface-brightness profile with a de Vaucouleurs law. We derived the gas velocity field at different viewing angles (θ, φ) which are defined as the standard spherical coordinates of the line of sight in the bulge coordinate system. For each set of (θ, φ) we extracted the gas rotation curve along the apparent major and minor axis of the galaxy disk (Fig. 3) . It is evident from this figure that the non-circular gas motions induced by the bulge triaxiality give rise to non-zero gas velocities observed in the innermost regions of the galaxy minor axis. The amplitude and radial extension of this phenomenon are comparable to those we measured in NGC 3885, NGC 4224, and NGC 4586 if an intermediate inclination is considered. None of the simulated gas velocity fields shows either a zero-velocity plateau or a change in the slope of the velocity gradient along the galaxy major axis similar to those observed in NGC 2855 and NGC 7049.
The case of inner polar gaseous disks
The gas velocity field of NGC 2855 and NGC 7049 differs from that of NGC 3885, NGC 4224, and NGC 4586 since the velocity gradient observed along the minor axis is associated with a change in the slope of the velocity gradient measured along the major axis (which is shallower in the center and steeper away from the nucleus). This is the kinematic signature of the presence of two decoupled gaseous components rotating around two roughly orthogonal axes. Taking into account the triaxiality of bulges, these two orthogonally-decoupled components have to be Fig. 3 . Ionized-gas kinematics along the galaxy major (dotted line) and minor (continuous line) axis moving onto the plane perpendicular to the short axis of a triaxial bulge with axial ratios p = 0.7 and q = 0.6, total mass M = 7 · 10 10 M ⊙ , scalelength r e = 1.5 kpc, and density profile cuspiness γ = 1.5 at a distance D = 25 Mpc. The viewing angles θ and φ are specified in each panel.
settled onto the two principal planes of the host bulge. The outer gaseous component lies on the plane perpendicular to the short axis of the bulge, which is the one containing the galaxy disk. The inner gaseous component rotates in the plane perpendicular to the long axis of the bulge, and therefore it is in orthogonal rotation with respect to the galaxy disk. For this reason we observe in the bulge-dominated region a zero-velocity plateau along the disk major axis (or at least a shallower velocity gradient depending on the amount of decoupled gas and spatial resolution of the kinematic data) and a velocity gradient along the disk minor axis. The innermost gas component can be identified with an inner polar gaseous disk.
In both galaxies we exclude that the velocity gradient measured along the minor axis is due to non-circular gas motion in a barred potential. We do not observe any bar structure in the low-inclined disk of NGC 2855 neither on the optical image by Corsini et al. (2002) nor in the nearinfrared images by Peletier et al. (1999) and Möllenhoff & Heidt (2001) . The same is true for NGC 7049 according to the color map by Veron-Cetty & Veron (1988) . In spite of looking more like to an elliptical than any of the other sample galaxies, NGC 7049 is a disk galaxy as it results from the photometric decomposition of the r-band surface photometry by Bertola, Vietri & Zeilinger (1990 .
Galaxies hosting an inner polar disk are a new class of objects, since these orthogonally-decoupled structures have been discovered in the last few years. The investigation of their structural properties and formation processes offers some clues about the processes driving secular evolution of gaseous and stellar components in galaxy centers. In order to get an exhaustive picture of the phenomenon, we compiled a list of disk galaxies with an inner polar disk from both data of the present paper and the literature. The main properties of both the host galaxies and their inner polar components are given in Table 5 . For comparison we also included in Table 5 IC 1689 and UGC 5900, which are characterized by a small polar ring rather than an inner polar disk.
Inner polar disks are disks of small size (R≈ 300 pc), which are located in the center of lenticular and spiral galaxies and are rotating in a plane perpendicular to that of the main disk of their host. Inner polar gaseous disks have been reported in all the galaxies listed in Table  5 , except for NGC 4672 (Sarzi et al. 2002) where the orthogonally-rotating component is made up only of stars. Gas and stars are observed in the inner polar disks of NGC 2681 and NGC 4698 Pizzella et al. 2002) .
The radial extent of inner polar disks is small with respect to that of their host galaxy (d/D 25 ≈ 0.03). They are smaller than the so-called 'inner' polar rings found in IC 1689 (d/D 25 = 0.24, Reshetnikov, Hagen-Thorn & Yakovleva 1995) and UGC 5900 (d/D 25 = 0.14, Karataeva et al. 2001) . On the other hand, the diameter of 'classical' polar rings is comparable or even larger than that of the galaxies they surround (d/D 25 ≈ 1 − 3, see Sackett 1991) .
According to morphological classification and isophotal analysis of their host galaxies, the presence of an inner polar disk is not directly related either to the presence of a main bar or to that of a nuclear bar. NGC 2217, NGC 4845 and NGC 5850 are the only bona-fide barred spirals of the sample in Table 5 . An intermediate-scale bar has been recognized in NGC 2841 by Afanasev & Sil'chenko (1999) . Nuclear bars have been photometrically detected in NGC 2217 (Jungwiert et al. 1997) , NGC 2681 (Wozniak et al. 1995; Erwin & Sparke 1999) , NGC 3368 (Jungwiert et al. 1997) , and NGC 5850 (Buta & Crocker 1993; Wozniak et al. 1995) , although only the nuclear bar of NGC 3368 has been kinematically confirmed by Moiseev et al. (2003) by means of integral-field spectroscopy.
The short dynamical time (few Myr) we derived for the galaxy regions where we observe the orthogonal rotation implies that inner polar disks are already settled in an equilibrium configuration. We exclude the possibility taken into account by Sil'chenko (2002) that gas of inner polar disks is moving on anomalous orbits in a triaxial bulge (or bar) that is tumbling about its short axis. In fact we do not observe gas in retrograde motion relative to stars at large radii from the galaxy center, where the gas orbits are expected to be highly inclined with respect to the figure rotation axis (see van Albada, Kotanyi & Schwarzschild 1982; Friedli & Benz 1993 for details). We therefore suggest that inner polar disks lie in the principal plane perpendicular to the long axis of the triaxial bulge (or of the bar when it is present).
As for 'classical' polar rings (see the recent numerical results by Bournaud & Combes 2003) , the acquisition of external gas via merging or accretion on nearly polar orbits by a pre-existing galaxy has been usually proposed to account for the formation of kinematically-decoupled components like inner polar disks (see list of references in Table 5 ). In some objects this scenario is supported by different arguments. The S0/a NGC 2681 underwent some kind of widely distributed starburst not earlier than 1 Gyr ago, which has been ascribed to the dumping of tidally extruded gas from a galaxy neighbor (Cappellari et al. 2001) . The Sa NGC 2855 is surrounded by a ring-like structure elongated in a direction close to the galaxy minor axis, which is indicative of a second event (Corsini et al. 2001 ). The same is true for the Sab NGC 3368 which is close to the supergiant intergalactic ring of neutral hydrogen found in the Leo I group by Schneider et al. (1983) . The large-scale distribution of the neutral hydrogen of the SBb NGC 5850 has been explained as due to an high-speed encounter with its companion NGC 5846 (Higdon, Buta & Purcell 1998) . The Sab NGC 7217 hosts a counterrotating stellar disk, which is suggestive of a retrograde accretion from the environment (Kuijken & Merrifield 1994) . Sil'chenko (2001) argued that the inner polar disks of NGC 2841, NGC 4548, NGC 6340 and NGC 7217 have an internal origin as their hosts are isolated spirals with a large amount of normally-rotating gas, and invoking the qualitative scenario proposed by Sofue & Wakamatsu (1994) to put the gas on the polar orbits in the center of barred galaxies. However, all these arguments do not exclude an external origin of the decoupled component. Bettoni, Galletta & Prada (2001) proved that the environment of galaxies that experienced past gas accretion do not appear statistically different from those of normal galaxies. This means that second events are not ruled out by the isolation of the host galaxy. A large amount of accreted gas can sink toward the galaxy nucleus, sweeping away the pre-existing gas and giving origin to the decoupled component. This kind of interaction between newly acquired and pre-existing gas has been proposed to account for the reversal of rotation measured in the gaseous disk of NGC 4826 (Rubin 1994) . Finally, the dynamical process investigated by Sofue & Wakamatsu (1994) does not prevent the gas driven to the galaxy center from having been acquired.
To address the frequency of inner polar disks, a kinematic survey of a complete sample of nearby bulges is highly desirable. Indeed their small size prevents statistics based on morphological classification by visual in- . Col. 5: Inclination of the galaxy disk either from listed references or from the observed axial ratio R25 (RC3) after correcting for intrinsic axial ratio as in Guthrie (1992) . spection of photographic plates as done for classical polar rings (Whitmore et al. 1990 ). The measurement of the gas velocity field at high spatial resolution in the center of disk galaxies by state-of-the-art integral-field spectrographs (e.g. SAURON and MPFS, see the volume edited by Rosado et al. 2003 for a review) represents the ideal tool for this kind of investigation.
